Helicobacter pylori causes gastric adenocarcinoma; whether treatment of H. pylori infection prevents this cancer remains unknown. In a randomized, double-blind, placebo-controlled trial of H. pylori eradication, we determined whether treatment for H. pylori decreases gastric cancer risk, using preneoplastic conditions as surrogate markers. A total of 248 healthy volunteers (age >40 years) randomly received H. pylori treatment (omeprazole, amoxicillin, clarythromycin; n ‫؍‬ 122) or matched placebo (n ‫؍‬ 126) for 1 week. Endoscopy was performed at baseline and at 6 weeks and 1 year. Seven biopsies from each endoscopy were reviewed by two pathologists using the revised Sydney classification. Outcome measures were both a consensus "worst biopsy" diagnosis and a weighted index score that incorporated degrees of severity of preneoplasia from all biopsies. We compared change in these outcomes over time between the two treatment groups. H. pylori cure rates for compliant subjects in the treatment arm were 79.2% and 75.7% at 6 weeks and 1 year, respectively. No statistically significant change in the worst biopsy diagnosis was observed from 6 weeks to 1 year between placebo and treated subjects (for improvement/worsening, placebo, 19.4%/10.5%; treatment, 22.5%/8.3%; P ‫؍‬ 0.74). Change in index score was favorably greater in treatment compared with placebo subjects (intention-to-treat analysis, P ‫؍‬ 0.03); this finding was particularly evident in the antrum. H. pylori eradication gave more favorable gastric histopathologies over 1 year than no treatment.
Introduction
Gastric adenocarcinoma remains among the leading causes of death worldwide (1) . Intestinal-type gastric adenocarcinoma, the most common type, is preceded by well-defined conditions, starting with superficial gastritis, followed by chronic atrophic gastritis (AG), intestinal metaplasia (IM), and dysplasia (2, 3) . Infection with the bacterium Helicobacter pylori fosters the development of gastric adenocarcinoma, with organisms containing the Cag pathogenicity island engendering highest risk (4) . By contrast, diets rich in fruits and vegetables and low in nitrates and salts are considered protective (5) . Randomized clinical trials directly examining gastric adenocarcinoma prevention through H. pylori eradication or antioxidant supplementation are ongoing (6) . These studies will take years, great expense, and providence to attain sufficient power. Meanwhile, many people will die from a disease for which a prevention strategy-screening and treatment for H. pylori-could be cost-effective (7) .
Investigations using intermediate biomarkers as endpoints are cost-effective alternatives to cancer prevention trials, although less definitive (8) . Several randomized trials examining H. pylori eradication and gastric preneoplasia either have been completed or are under way (9 -11) . Inherent problems include sampling error in obtaining biopsies and misclassification of histological diagnoses. The optimal follow-up time required to assess clinically significant effects is unknown. Finally, the standard method of analyzing preneoplasia uses a consensus diagnosis of the "worst biopsy" collected; this method considers neither information from multiple biopsies nor disparate opinions between pathologists.
To determine whether H. pylori eradication is associated with regression of gastric preneoplastic conditions over 1 year, we performed a randomized, double-blind, placebo-controlled clinical trial in Chiapas, Mexico, a region with high gastric malignancy incidence (12) . Subjects were healthy volunteers at high risk of preneoplasia. Endpoints included both change in the consensus worst biopsy diagnosis and change in a new stomach index score. Designed to minimize effects of misclassification and sampling error, this index used data from seven biopsies read by two pathologists.
Materials and Methods
Study Participants. Healthy volunteers were recruited in Chiapas, Mexico. An interviewer-administered questionnaire obtained information regarding demographics, family cancer history, and exclusion criteria (age Ͻ40 years; current pregnancy; known alcoholism; allergic reactions to study medication; history of malignancy, gastrectomy or debilitating illness; recent antibiotic use; previous H. pylori eradication therapy; specific medication use).
Serological selection criteria designed to maximize identification of patients with preneoplasia included CagA antibody positivity with gastrin levels Ն25 g/ml. CagA antibodies are markers of H. pylori strain virulence, and high gastrin levels are an indicator of increased likelihood of AG (13) . Blood samples were tested for antibodies to the CagA protein as reported previously (Ref. 14; antigen courtesy of Oravax, Cambridge, MA) and for fasting serum gastrin concentrations by a competitive double-antibody 125 I-radioimmunoassay (Diagnostic Products Corporation, Los Angeles, CA). All samples were stored at Ϫ70°C. Protocol. Eligible subjects were randomized to receive antimicrobial therapy (20 mg of omeprazole twice a day, 1 g of amoxicillin twice a day, 500 g of clarythromycin twice a day) or matched placebo for 1 week (the standard treatment time at trial onset in 1996). Masked active therapy and placebo vials had been randomly assigned a number and delivered in bulk to Chiapas. Once a patient was randomized, a single unmasked investigator at Stanford e-mailed to Chiapas the appropriate vial number to be used. Patient randomization followed the biasedcoin method with blocking by age Ն60 years and gender (15) .
The study was approved by the Human Subject's Committees at Stanford University (Stanford, CA), the Colegio de la Frontera Sur (Chiapas, Mexico), the Instituto Nacional de Cancerologia (Mexico City, Mexico); and the Centers for Disease Control and Prevention (Atlanta, GA). Written informed consent was obtained at the time of initial screening and again before randomization. A data safety and monitoring board at Stanford University regularly reviewed recruitment and progress of the study. Assessment. Treatment compliance (Ͼ90% of pills consumed) and side effects were examined 2 weeks after trial enrollment.
Upper endoscopy was performed before treatment and at 6 weeks and 1 year after treatment. Seven biopsies (three each from the antrum and body and one from the incisura angularis) were systematically collected from prespecified locations for histological examination using jumbo forceps. Subjects with ulcers or gastric masses were excluded and referred for treatment. Biopsies were embedded in paraffin, cut, and stained with H&E. Immunohistochemistry for H. pylori was performed when inflammation without organisms was seen. Histological parameters, including AG, were evaluated using the updated Sydney system (16); IM was defined as the presence of goblet cells.
Each biopsy was read independently by two general surgical pathologists. Summary consensus diagnoses were then derived for each subject based on a joint review of all biopsies by both pathologists. Subjects with severe dysplasia were excluded and referred for treatment. Pathologists were blinded to treatment arm and endoscopy stage (baseline, 6 weeks, 1 year).
Using the consensus diagnoses and assuming an ascending scale of preneoplastic conditions (normal Ͻ AG Ͻ IM Ͻ dysplasia), we defined a worst biopsy diagnosis for each subject at each time point. Because diagnoses of mild AG or dysplasia are prone to misclassification (17, 18) , these diagnoses were ignored, e.g., the revised worst biopsy diagnosis of a subject with, e.g., "mild AG and nonatrophic gastritis" was "nonatrophic gastritis," whereas that for a subject with "mild dysplasia and mild IM" was "mild IM."
The worst biopsy diagnosis takes into consideration neither extent, severity, nor coexistence of conditions from multiple biopsies. We therefore constructed an index to incorporate these characteristics from all biopsies. On the basis of a literature review, the index was modified in accordance with opinions from three outside experts in gastric histopathology (see "Acknowledgments") and included weights for (a) increasing degree of preneoplasia (with dysplasia worse than IM or AG), (b) preneoplastic condition severity, (c) number of affected biopsies, (d) missing information (see "Appendix" for model details). The index score was calculated for each subject at each time point, using all biopsies. Statistical Analysis. Assuming a background 10% regression rate, 240 patients were needed to identify a 3-fold difference in response rates between treatment arms with an ␣ of 0.05 and 97% power. Given an expected 10% dropout rate at each study phase, the trial was designed to enroll at least 300 patients (EpiInfo 6.0).
Changes in worst biopsy diagnosis (defined as worsening, no change, or improvement) and in index scores were examined for each subject for each time interval (baseline to 6 weeks, 6 weeks to 1 year, baseline to 1 year). The index score was examined as a mean across pathologists and for each pathologist independently. We used the Spearman coefficient to assess correlations in score within and between pathologists and to assess correlation in change in score over time between pathologists. We used the Wilcoxon rank-sum test to assess associations between worst biopsy diagnosis and index score.
Because a change in index score before and after treatment could be confounded by marked concurrent changes in inflammation attributable to H. pylori eradication in the treatment arm (19), we regarded changes in index score over the intervals baseline to 6 weeks and baseline to 1 year as potentially biased. A priori, we therefore chose the interval from 6 weeks to 1 year to be the primary interval for comparing change in the two study arms. Changes observed from 6 weeks to 1 year in the placebo group were considered as the natural history of gastric histopathology (time effect). Changes in index score from 6 weeks to 1 year in the treatment group were thus considered to reflect time effect plus treatment effect.
For the intention-to-treat analysis, we compared placebo and treatment groups based on initial randomization. For the per-eradication-protocol analysis, we compared placebo subjects who remained H. pylori positive over time with treatment subjects who were cured of H. pylori (negative at 6 weeks and 1 year). Subanalyses evaluated changes in the antrum and body separately. All statistical tests were conducted with SAS (version 8.0) software and were two-tailed. Role of the Funding Source. Abbott Laboratories provided all antimicrobial therapy for the clinical trial free of charge; the company was not involved in study design, data management, data analysis, or interpretation of results.
Results

Recruitment, Retention, and H. pylori Eradication.
A total of 1344 subjects were screened for enrollment. Of the 1178 (87.7%) subjects who gave blood, 468 (39.7%) were CagApositive with gastrin levels Ն25 g/ml; 20 of these subjects (4.2%) declined to participate further. The remaining eligible subjects were sequentially invited to participate until a minimum calculated sample size of 300 was achieved. A total of 316 (67.5%) were thus randomized to placebo or treatment arms [155 (49.0%) and 161 (51.0%) subjects, respectively]. The remaining 132 (28.2%) eligible subjects were not invited to participate. Enrollment and follow-up occurred over the period August 1996 to March 1999.
Demographic characteristics and medical histories were similar between enrolled subjects and subjects who did not meet serological recruitment criteria, declined to participate, or were not randomized (data not shown). Demographic characteristics were also similar between placebo and treatment subjects (Table 1) .
No serious adverse effects of treatment were reported. Minor side effects were common (40.6% overall), but only dysgeusia was more prevalent among treatment compared with placebo subjects (78% versus 30%; P Յ 0.001). Compliance with treatment was very high (93% overall). Among subjects who completed the study, treatment and placebo subjects were equally compliant (96.7% versus 96.0%; P ϭ 1.00).
Among enrolled subjects, 68 (21.5%) withdrew from the study, primarily because of dislike of endoscopy (58% of withdrawals). One subject with an early gastric carcinoma was withdrawn by investigators.
H. pylori cure rates for compliant subjects in the treatment arm were 79.2% and 75.7% at 6 weeks and 1 year, respectively; among placebo subjects, cure rates were 2.9% and 1.9%, respectively (P Ͻ 0.001). Baseline Histopathology, Stomach Index, and Assessment of Time Effect. Other than having a greater prevalence of nonatrophic gastritis, treatment subjects were similar to placebo subjects with respect to consensus histological diagnoses at baseline ( Table 2 ). Median index scores at baseline were low. The association between index score and worst biopsy diagnosis was strong, with higher scores associated with a higher worst biopsy diagnosis at all time points (P Ͻ 0.001).
The index scores correlated well between pathologists (correlation at baseline, 6 weeks, and 1 year, respectively; ϭ 0.71, 0.81, and 0.88, respectively). Change in score over time, however, had heterogeneous variance between pathologists and was poorly correlated between pathologists. As expected, the highest correlation occurred in the 6 weeks to 1 year interval when inflammation was no longer a confounder (r ϭ 0.15, 0.44, and 0.33 for change from baseline to 6 weeks, 6 weeks to 1 year, and baseline to 1 year, respectively). Mean change in index score from baseline to 6 weeks was not statistically different from 0 for the placebo group for either pathologist (pathologist 1, P ϭ 0.46; pathologist 2, P ϭ 0.78). Mean change from 6 weeks to 1 year was also not statistically different from 0, suggesting no time effect (pathologist 1: P ϭ 0.98; pathologist 2, P ϭ 0.15).
Effects of Therapy on Worst Biopsy Diagnosis and Stomach
Index. Worst biopsy diagnoses in placebo and treatment subjects were similar from 6 weeks to 1 year and over all other time intervals (Table 3 ). In contrast, in the same interval, the mean index score of the two pathologists decreased significantly more in the treatment than in the placebo group in both primary analyses: intention-to-treat analysis (Table 3 ) and per-eradica- e To prevent misclassification, worst diagnoses of mild atrophy were grouped with gastritis because all of these subjects had underlying inflammation. Worst diagnoses of mild dysplasia were grouped with the next worst condition for each subject. f Average score across both pathologists.
tion-protocol analysis (Table 4) . Scores also decreased for the interval baseline to 1 year, although this difference was not statistically significant for either analysis. For the period baseline to 6 weeks, treatment subjects appeared to have a statistically insignificant worsening of score compared with placebo.
To determine whether observed effects were consistent across pathologists, we examined results for the pathologists separately. For pathologist 1, in the interval from 6 weeks to 1 year, index scores decreased significantly more in the treatment than in the placebo group in all analyses: intention-to-treat analysis (Table 3) , per-eradication-protocol analysis (Table 4) , and antrum (P ϭ 0.01); body (P ϭ 0.01). For the baseline to 1 year interval, pathologist 1 identified similarly significant findings both overall and in the antrum (P ϭ 0.03). In the pereradication-protocol analysis, the magnitude of difference between treatment and placebo arms was similar to that observed in the intention-to-treat analysis although no longer statistically significant. Some regression (defined as any decrease in score) occurred in 39% and 43% and progression in 27% and 18% of placebo and treatment subjects, respectively. Pathologist 2 observed a magnitude of effect similar to the effect observed by pathologist 1 from 6 weeks to 1 year in both the intention-to-treat and the per-eradication-protocol analyses, but these differences were not statistically significant (Tables 3  and 4 , respectively). A statistically significant decrease in score was observed in the antrum (P ϭ 0.01). Pathologist 2 did not identify any trend in difference between arms for the period from baseline to 1 year but identified a substantial worsening of score only in the treatment arm from baseline to 6 weeks. Overall, for pathologist 2, some regression occurred in 37% and 37% and progression in 29% and 25% of placebo and treatment subjects, respectively.
Discussion
In Chiapas, a region with high gastric cancer incidence and high H. pylori prevalence, H. pylori eradication led to global improvement in gastric histopathology after 1 year as measured by a stomach index score. Regression was evident, particularly in the antrum compared with the body of the stomach. Although improvement was statistically more evident for one pathologist than for the second, both observed a similar magnitude of effect. These results suggest that H. pylori eradication, even in older adults, may reduce gastric cancer risk.
Although most subjects showed no change in worst biopsy diagnosis, neither regression nor progression of conditions over 1 year were rare over this short time interval. This may be because of intrinsic sampling biases or because of true change. Although our study follow-up was relatively short (48 week on average in our principle analysis), given the rate of turnover of the gastric mucosa, 1 year would represent dozens of growth cycles and provides ample opportunity for regression. Moreover, a study of 3399 Chinese subjects that examined the natural history of precancerous conditions over 4.5 years found similar degrees of change (20) ; regression of conditions was observed in 28 -88% of subjects (depending on baseline worst biopsy diagnosis) and progression or worsening was also common (4 -41%, again dependent on baseline diagnosis). Our results support the finding that the stomach's background rate of change is relatively high. In the end, our results are not substantially different in magnitude of effect from those with longer follow-up (10, 11) .
Given this high background rate of change, randomization in therapeutic trials that assess preneoplasia prevention is essential. Even with randomization, however, changes attributable to treatment may be difficult to identify, particularly if small. Sampling error in our study was minimized by the systematic collection of seven biopsies, providing a picture of preneoplasia in the entire stomach. Misclassification was examined in two ways. First, we did not include "soft" diagnoses (mild AG and mild dysplasia) in our analyses. These diagnoses are difficult to make, particularly in the context of inflammation, and agreement among pathologists is often poor (21) (22) (23) . By omitting these diagnoses, we are more confident that observed differences reflected true changes in preneoplasia rather than merely reduced inflammation. Second, we examined index scores separately for each pathologist. The correlation of scores between pathologists was high, suggesting that global interpretations of pathology were similar even when individual biopsy slide diagnoses were not. Moreover, in a prospective population-based cohort study of gastric cancer conducted in a different study population with different pathologists, increasing score was found to be associated with development of cancer; each one point increment score indicated an ϳ20% increase in cancer risk over 5 years. 8 Both pathologists showed an important effect of therapy in the antrum. This localized effect can be explained by the higher frequency of advanced conditions associated with H. pylori in this anatomical region (24) . Why one pathologist identified a treatment effect more consistently than the second in other regions requires speculation. We believe the observed differences may reflect focused experience by pathologist 1 with gastric conditions. High levels of specialization appear needed to identify modest changes in gastric histopathology.
Other randomized placebo-controlled trials of H. pylori eradication and precancerous conditions have used the worst biopsy diagnosis to assess change, including studies involving 631 subjects in Colombia (10) and 587 subjects in China (11) . The Colombian study examined the effects of H. pylori eradication and dietary supplements. No changes in precancerous conditions were identified for most subjects (54%). Moreover, progression rates were similar across all arms (19 -33%). Regression rates, however, were higher in all treatment arms compared with placebo (7% for placebo versus 19 -29% for treatment arms), and the placebo regression rate was low compared with other studies (20) . Improvements were reported only after 6 years of follow-up and occurred in few subjects. In the Chinese trial, a minority of subjects had changes in their worst biopsy score of either AG or IM after 1 year. Eradication of H. pylori, however, produced less progression in degree of AG and small decreases in degree of antral IM. Taken together with our study, these randomized trials from three different continents present a consistent picture of improvement in gastric preneoplasia with H. pylori eradication, but only in a small subset of subjects.
Studies of intermediate biomarkers such as these provide circumstantial evidence that H. pylori eradication diminishes gastric cancer risk. However, modest improvements in histopathology without total regression cannot be imputed to have clinical significance (8) . It remains plausible that only clinically innocuous lesions were reversed with H. pylori eradication and that malignancy would occur unchecked. On the basis of these results, screening and treatment programs to eradicate H. pylori cannot be mandated, and definite proof that H. pylori eradication prevents progression to gastric cancer will require the completion of large randomized trials using cancer as the outcome. Meanwhile, examination of the molecular underpinnings of changes in preneoplastic conditions, e.g., decreases in deleterious mutations, oncogene expression, or microsatellite instability, might bolster the argument that improvements are clinically significant.
Until the time (if ever) that randomized clinical trials of cancer prevention are completed, physicians need to make clinical decisions for their H. pylori-infected patients. The authors of several studies have argued that H. pylori screening and treatment may be a cost-effective cancer prevention strategy in middle-aged adults, even if treatment prevented only 20 -30% of H. pylori-associated cancers (7, 25) . Eradication therapy is highly effective, well tolerated, and inexpensive. The European Consensus Guidelines, unlike those from the NIH, recommend H. pylori eradication therapy for a wide range of symptomatic and asymptomatic infected subjects, including those with preneoplasia (26, 27) . Chronic inflammation in various organ systems can lead to malignancy. Without question, in our study and countless others, H. pylori eradication mitigates gastric inflammation. Intuitively, this finding alone would suggest that benefit accrues from eradication therapy. This information, combined with studies on preneoplastic regression and evidence of decreased oxidative stress and cell proliferation with H. pylori eradication (28) , suggest that H. pylori eradication could be reasonably applied more widely in adults pending definitive randomized trials of caner prevention. synthesis of opinions from expert pathologists, respectively (see below). The total number of occurrences or biopsies with each state was then weighted by a power b to take into consideration the extent of each state (see below).
On the basis of the limited data that quantify the risk of gastric cancer given preneoplastic conditions (3, 20, 29 -32) , severity weights for atrophy, IM, and dysplasia were conservatively defined as 1.00, 2.70, and 10.00, respectively. Occurrences of unaffected biopsies and biopsies with gastritis alone were not considered in the model because of the lack of information on their association with gastric cancer. Additionally, H. pylori eradication therapy is correlated with a decrease in acute inflammation (19) ; an index that included inflammation or gastritis alone would automatically generate lower scores for active treatment compared with placebo subjects.
To estimate degree weights ␤, five rules were defined based on opinions from experts. Given seven biopsies (a) one biopsy with dysplasia was always worse than extensive (i.e., seven biopsies with) IM and extensive atrophy; (b) extensive IM was equivalent to extensive atrophy; (c) two biopsies with severe IM were equivalent to six with mild IM; (d) three biopsies with severe IM were equivalent to five with moderate IM; and (e) two biopsies with severe atrophy were equivalent to four with moderate atrophy. After we arbitrarily chose ␤ moderate ATRO as 1.00, the specific degree weights ␤ severe ATRO , ␤ mild IM , ␤ moderate IM , ␤ severe IM , and ␤ moderate DYSP were derived as 1.4142, 0.3024, 0.4045, 0.5238, and 1.00, respectively.
The presence of a single biopsy with atrophy or IM of any degree out of seven total biopsies was considered by the experts as a localized abnormality attributable to previous ulceration or erosion. In this case, the assigned score was less than the lowest possible score created from two biopsies (two with mild IM only) and was set arbitrarily at 0.5.
The extent of the condition in the stomach was represented by the number of affected biopsies (b). Because the risk of cancer increases in a presumably nonlinear fashion with the number of affected biopsies, we arbitrarily chose b as 1 ⁄2 (e.g., a stomach with two or three affected biopsies was considered to be 1.4 and 1.7 times worse than a stomach with a single affected biopsy, and not 2 and 3 times worse). Table 5 presents typical profiles for a variety of hypothetical subjects with their associated scores.
Not all subjects had results from seven biopsies for each condition. Tissue poorly positioned on a slide may be uninterpretable by the pathologist. To adjust for potential differences in available information, a proportional weight was calculated for each subject. This proportional weight was the total potential weight (all biopsies; this weight is the same for all subjects) over the actual weight contributed from the available biopsies. Thus patients who were missing substantial amounts of information for technical reasons were not penalized in the overall group mean compared with patients with all information. 
